ADDITIONAL INDEX WORDS. native aquatic plant, invasive aquatic plant, production, Najas guadalupensis SUMMARY. Native aquatic plants are important to maintaining a balanced ecosystem, but they often are displaced by exotic invasive plant species. The research on the control and growth of the invasive aquatic species hydrilla (Hydrilla verticillata) using sand substrates and controlled-release fertilizers (CRF) provides a potential production technique for other aquatic plants. We questioned if we could use hydrilla production techniques to grow southern naiad (Najas guadalupensis), a Florida-native aquatic plant that is often mistaken for hydrilla. We grew southern naiad cuttings in containers filled with 100:0, 75:25, 50:50, 25:75, or 0:100 coarse builder's sand and sphagnum moss (by volume). Before planting, containers were fertilized with 0, 1, 2, or 4 gÁkg L1 CRF (15N-4P-10K). Containers were submerged in large storage tubs filled with rainwater and grown for 8 weeks. Southern naiad shoot dry weight was greater in the 100% sand substrate than that in the 0% sand substrate. Substrate electrical conductivity (EC) levels were greater in the 0% sand with no difference among the other substrates. Shoot and root dry weight of plants fertilized with 1-2 gÁkg L1 CRF were greater than 0 or 4 gÁkg L1 CRF. Substrate EC also increased as fertilizer rate increased, with the highest EC observed at 4 gÁkg L1 CRF. Based on our results, we would suggest growing southern naiad in substrates with 100% sand and fertilized with 1-2 gÁkg L1 CRF.
SUMMARY. Native aquatic plants are important to maintaining a balanced ecosystem, but they often are displaced by exotic invasive plant species. The research on the control and growth of the invasive aquatic species hydrilla (Hydrilla verticillata) using sand substrates and controlled-release fertilizers (CRF) provides a potential production technique for other aquatic plants. We questioned if we could use hydrilla production techniques to grow southern naiad (Najas guadalupensis), a Florida-native aquatic plant that is often mistaken for hydrilla. We grew southern naiad cuttings in containers filled with 100:0, 75:25, 50:50, 25:75, or 0:100 coarse builder's sand and sphagnum moss (by volume). Before planting, containers were fertilized with 0, 1, 2, or 4 gÁkg L1 CRF (15N-4P-10K). Containers were submerged in large storage tubs filled with rainwater and grown for 8 weeks. Southern naiad shoot dry weight was greater in the 100% sand substrate than that in the 0% sand substrate. Substrate electrical conductivity (EC) levels were greater in the 0% sand with no difference among the other substrates. Shoot and root dry weight of plants fertilized with 1-2 gÁkg L1 CRF were greater than 0 or 4 gÁkg L1 CRF. Substrate EC also increased as fertilizer rate increased, with the highest EC observed at 4 gÁkg L1 CRF. Based on our results, we would suggest growing southern naiad in substrates with 100% sand and fertilized with 1-2 gÁkg L1 CRF.
C onservation of aquatic plant areas is crucial to promote a balanced ecosystem of food and habitats for fish and birds. Natural interactions in aquatic communities are supported by native aquatic plants that help improve water quality by removing nutrients, controlling erosion, and contributing to the asthetic beauty of water bodies (Madsen et al., 2008; Main et al., 2006) . However, diversity of native aquatic plants is reduced by the introduction of exotic (nonnative) invasive aquatic plants that choke waterways, change nutrient cycles, and reduce recreational use of water bodies (Dibble et al., 1996; Godfrey and Wooten, 1981; Office of Technology Assessment, 1993) . The removal of invasive aquatic plants is necessary to restore balance in native aquatic systems.
Southern naiad may prove to be a good candidate to reestablish some aquatic plant communities in natural areas previously colonized by invasive plants (Smart et al., 1996) . Because it is superficially similar in form/habit and grows in similar areas, southern naiad is a Florida-native plant that is often mistaken for the invasive weed hydrilla (University of Florida, 2015) . Hydrilla control and growth in different substrates and at fertilizer rates has been researched (Mony et al., 2007; Sutton, 1990) , whereas studies on the growth of southern naiad have focused on its roles in fish communities rather than on its growth. Because of their similarity, we questioned if we could use similar production protocols developed with hydrilla to grow southern naiad to increase its production and expand its use in natural aquatic ecosystem restoration. The objective of this study was to determine which substrate and controlled-release fertilizer rate would result in the best southern naiad growth to establish a production protocol for southern naiad using standard greenhouse supplies. 27°C, 79% to 80% relative humidity, and average solar radiation 203-226 WÁm -2 ]. In Expt. 1, we topped the containers with 50%, 25%, and 0% sand substrate with small rocks to prevent the containers from floating once submerged in the large storage tubs. We planted the cuttings between the pebbles. In Expt. 2, we covered the containers with 50%, 25%, and 0% sand with weed cloth and we inserted cuttings into holes made in the weed cloth before top dressing the substrate with small rocks to prevent flotation.
Materials and methods

Cuttings
For both experiments, after 8 weeks of growth, we harvested shoots and roots from each container in the large storage tubs. To determine shoot and root dry weight, we washed plant tissue clean of debris using a screen for straining and placed shoots and roots in a forced air oven set at 90°C until a constant weight was achieved.
In Expt. 2, we collected final water samples from each large storage tub to determine pH, EC, nitratenitrogen (NO 3 -N), phosphatephosphorus (PO 3 -P), and potassium (K). We also collected substrate samples from all containers in each large storage tub to determine final pH and EC using the 1:2 extraction method (Lang, 1996) . Water and substrate pH and EC were determined using a combo pH and EC waterproof meter (H198129; Hanna Instruments, Woonsocket, RI). Water NO 3 -N and K were determined using a combination ion-selective electrode (Accumet XL250; Thermo Fisher Scientific, Waltham, MA). We measured phosphate-phosphorus (PO 4 -P) levels by using the ascorbic acid method using a spectrophotometer (Spectronic 20D+; Thermo Fisher Scientific) measuring absorbance at 440 nm.
Shoots from Expt. 2 were ground using a Wiley Mill (Thomas Scientific, Swedesboro, NJ) to pass through a 40-mesh screen to ensure homogeneity. The shoots (0.5 g) were placed into a 30-mL porcelain crucible and dry ashed to determine total phosphorus (P) and K using a muffle furnace (Thermolyne F48010-33; Thermo Fisher Scientific) capable of 500°C. The ash was dissolved with 10 mL 1.0 N hydrochloric acid (HCl) solution. The contents of the crucible for each sample were transferred into a 50-mL volumetric flask, diluted with deionized water to volume, capped, and inverted three times. Samples were filtered through a filter paper (Whatmanä no. 1; GE Healthcare Company, Little Chalfont, UK) into 50-mL plastic bottles. This digestate was used for nutrient analysis of P and K. Phosphorus was determined by using the ammonium molybdate colorimetric method using the spectrophotometer. Analysis for K was performed by using atomic absorption spectrometry (Analyst 400; Perkin Elmer, Waltham, MA). Extractable NO 3 -N was determined by mixing 200 mg of ground tissue with acetic acid extracting solution and analyzing the filtrate with an autoanalyzer (Seal Autoanalyzer 3; Seal Analytical, Mequon, WI) (Miller, 1998) .
Dry weights, water analysis, substrate leachate analysis, and shoot nutrient analysis were subjected to analysis of variance using the general linear model in SAS [Proc GLM (SAS version 9.1; SAS Institute, Cary, NC)] to determine statistical differences for main effects (substrate or CRF), interactions (substrate · CRF), and pairwise comparisons between treatments with Tukey's honest significant difference test [P = 0.05 (SAS version 9.1)]. Because there were no differences in results between Expts. 1 and 2, we pooled the data. We also ran linear and quadratic regressions on shoot dry weight, root dry weight, and substrate EC with respect to changes in fertilizer application rate.
Results and discussion
The goal of these experiments was to determine if sand production techniques used to grow hydrilla could be used to grow southern naiad. We observed that average southern naiad shoot and root dry weights were greater in 100% sand than in 0% sand (Fig. 1) . In production studies, hydrilla shoot dry weight was greater in the fertilized sand than in the muck-sand substrate (Sutton, 1985) . In central and southern parts of Florida where soils are mostly sandy loam and low in nutrients, large concentrations of southern naiad have been reported (Novak et al., 2009 ). Southern naiad is widely distributed throughout the United States and has adapted to local environments and seasonal variations in the United States and Florida (Fernald, 1923; Main et al., 2006) .
The second question answered with these experiments relates to the CRF rate associated with maximum southern naiad growth. Southern naiad shoot and root dry weight response to increasing CRF rate varied with the substrate (Fig. 1) . Shoot dry weight in 100% sand increased as fertilizer rate increased from 0 to 2 gÁkg -1 CRF and then decreased at higher fertilizer rates whereas shoot dry weight in the 75%, 50%, and 25% sand increased from 0 to 1 gÁkg -1 CRF and then decreased. Shoot and root dry weight in the 0% sand decreased as fertilizer rate increased. Root dry weight of plants in 100%, 75%, and 50% sand increased from 0 to 1 gÁkg -1 CRF and then decreased whereas root dry weight in the 25% sand decreased as fertilizer rate increased. In a previous study, we observed shoot dry weight of southern naiad plants grown in 100% sand was greatest at 1-2 gÁkg -1 CRF, whereas shoot dry weight of hydrilla in 100% sand was greatest at 2-4 gÁkg -1 CRF (Hasandras et al., 2015) . In another study, maximum hydrilla shoot growth in sand occurred at the two highest CRF rates of 1.6-2.3 gÁkg -1 CRF (Osmocote 18N-2.6P-10K, 8-9 months release) (Sutton, 1985) .
The next obvious question is why we observed different growth responses of southern naiad to increasing CRF rates in the five substrates examined. For all substrates examined, as the CRF rate increased from 0 to 4 gÁkg -1 CRF, substrate EC increased (Fig. 2) . Substrate EC levels averaged for CRF rates were higher in the 0% sand than in the other substrates. Sphagnum moss has a higher cation exchange capacity and greater nutrient reserves than sand (Nelson, 2003) . It is possible that the 0% sand (100% sphagnum peat) retained more nutrients released from the CRF leading to higher soluble salt levels in the substrate and reduced southern naiad growth. However, in our study substrate pH was not different because of the percentage of sand or fertilizer rate and ranged from 5.9 to 6.3.
Reduced southern naiad growth and reduced P shoot nutrient concentrations were observed in all of the plants fertilized with 4 gÁkg -1 CRF (Table 1) . Shoot P levels were greater in pots fertilized with 1 and 2 gÁkg -1 CRF than 0 or 4 gÁkg -1 CRF. High levels of P in hydrilla shoots were associated with high concentrations of CRF with hydrilla shoot P levels 0.06% for plants fertilized with 2.3 gÁkg -1 CRF vs. 0.04% for those with no fertilizer (Sutton, 1985) . However, N and K in hydrilla shoots were the same in sand without fertilizer compared with plants grown with fertilizer (Sutton, 1985) . In our study, southern naiad shoot NO 3 -N and K were similar at all fertilization rates. Another study determined that the tissue N, P, and K contents in hydrilla were related to the N, P, and K contents in the soil. Phosphorus and N were more dependent on the fertility of the hydrosoil than the nutrients in the water around the plant (Steward, 1984) .
A concern with using CRF in submerged systems is the release rate of N, P, K and other nutrients into the surrounding water. In our experiment, the water analysis showed no differences in pH, EC, NO 3 -N, PO 4 -P, or K due to CRF rates (Table 2) . Because we used pots without holes and layered the CRF below the surface of substrate, we did not expect to observe nutrient release into the surrounding water. In the hydrilla study, there appeared to be little movement of nutrients from the zone where the CRF had been placed, indicating that the use of sand amended with various fertilizers layered into the sand simulated zones of nutrients that may occur in sediments under natural conditions (Sutton, 1985) .
In conclusion, the use of 100% sand with 2 gÁkg -1 CRF layered 1 inch under the surface of the substrate produced the best southern naiad growth in a submerged environment. It would be interesting to observe transplant success of southern naiad produced using this protocol into the natural aquatic ecosystem to see if stronger transplants would successfully fill in areas previously occupied by removed invasive aquatic plant species.
